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Abstract
The Fe9Y and the Fe9Ni9Y systems were assessed by means of the CALPHAD (CALculation of PHAse Diagram) technique.
The solution phases, liquid, bcc, fcc and hcp, were described by the substitutional solution model. The binary compounds, Fe17Y2,
Fe23Y6, Fe3Y, Fe2Y, Ni17Y2, Ni5Y, Ni4Y, Ni7Y2, Ni3Y, Ni2Y, NiY, Ni2Y3 and NiY3, were treated as stoichiometric compounds. In
the Fe9Ni9Y system, the intermetallic compounds were treated as the line compounds (Fe,Ni)mYn by a two-sublattice model. A
self-consistent thermodynamic description of the Fe9Ni9Y system was obtained.
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1. Introduction
The intermetallic compounds formed by rare earth elements(RE) and transition metals(TM) are of particular
interest regarding their potential usage as high value functional materials, such as permanent magnet, hydrogen
storage materials (Lin C.Y., Chin T. S., 2007; Buschow K. H. J., 1984). The Fe9Ni9Y system is important from this
standpoint. It is a major ternary constituent of typical bulk amorphous alloys (Fe, Co, Ni, Zr, TM)9RE9B systems
(Inoue A., 2000). It is well known that the phase relations under both equilibrium and non-equilibrium conditions are
of great value to the design of alloy compositions and processing procedures. The thermodynamic description of
relevant alloy systems is of importance for understanding the physical properties, chemical behavior and the
technological applications of the alloys or compounds. Once self-consistent thermodynamic description of a system
is obtained, any kind of phase relation and thermodynamic property of interest can be calculated.
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The isothermal sections in the Fe9Ni9Y system at 873, 1223 and 1273 K were determined by Kharchenko et al.
(Kharchenko O. I., Bodak O. I., 1977) and Shen et al. (Shen et al., 1995), respectively. Based on these experimental
results, the thermodynamic description of the Fe9Ni9Y system was obtained by means of the CALPHAD technique.
In this method, the thermodynamic properties of the alloy systems are studied using thermodynamic models for the
Gibbs energy of the individual phases. The thermodynamic parameters involved in the models are optimized from
the experimental thermodynamic and phase diagram information.
2. Binary systems
To obtain a thermodynamic description of a multicomponent system, a thermodynamic description of each lower-
order system is necessary. Each of the binary systems involved, Fe9Ni (Dinsdale A. T., 1991), Fe9Y (Du Z. M., et
al, 1997), and Ni9Y (Du Z. M., Zhang W. J., 1996) has been assessed, and self-consistent thermodynamic
descriptions were obtained while the Fe9Y system (Du Z. M., et al, 1997) is re-assessed by some adjustments.
3. Thermodynamic models
3.1. Unary phases
The Gibbs energy function 0 SER( ) ( )i i iG T G T H
   (298.15 K) for the element i (i= Fe, Ni, Y) in the phase 
( = liquid, body-centred cubic (bcc), face-centred cubic (fcc) or hexagonal close-packed (hcp)) is described by an
equation of the following form:
2 3 1 7 9( ) lniG T a bT cT T dT eT fT gT hT
          (1)
where SERiH (298.15 K) is the molar enthalpy of the element i at 298.15 K in its standard element reference (SER)
state, hcp for Fe and Y, fcc for Ni. The Gibbs energy of the element i, ( )iG T
 , in its SER state, is denoted by
GHSERi, i.e.
0 SERGHSER ( ) (298.15 K)i i iG T H
  (2)
In the present work, the Gibbs energy functions are taken from the SGTE compilation of Dinsdale (Dinsdale A. T.,
2006).
3.2. Solution phases
In the Fe9Ni9Y system, there are four solution phases: liquid, bcc(Y), fcc(Fe, Ni), and hcp(Fe, Y). Their Gibbs
energies are described by the following expression:
E mg
m Fe Fe Ni Ni Y Y Fe Fe Ni Ni Y Y m m( ) ( ) ( )+ ( ln ln ln )G x G T x G T x G T RT x x x x x x G G
            (3)
Where Fex , Nix and Yx are the mole fractions of the pure elements Fe, Ni, and Y, respectively; mEG is the excess
Gibbs energy, expressed by the Redlich-Kister polynomial (Robin O. Williams, 1991),
E
m Fe Ni Fe,Ni Fe Ni Fe Y Fe,Y Fe Y Ni Y Ni,Y Ni Y Fe Ni Y Fe,Ni,Y= ( ) ( ) ( )
j j j j j j
jj j
G x x L x x x x L x x x x L x x x x x L           (4)
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where Fe,Ni
jL , Fe,Y
jL , and Ni,Y
jL are the jth interaction parameters between elements Fe and Ni, Fe and Y, and Ni
and Y, respectively, which are to be evaluated in the present work. Its general form is
L=a+bT+cTlnT+dT2 +eT3+fT-1 (5)
but there are cases when only the first one or two terms are used according to the temperature dependence of the
experimental data. Fe,Ni,YL
 is the ternary interaction parameter; mg mG
 is the magnetic contribution to the Gibbs
energy.
3.3. Line intermetallic compounds
The intermetallic compounds Fe17Y2Fe23Y6Fe3Y and Fe2Y in the Fe9Y system and Ni17Y2Ni5YNi4Y
Ni7Y2Ni3YNi2YNiYNi2Y3 and NiY3 in the Ni9Y system are the stoichiometric compounds. In the
Fe9Ni9Y system, these compounds extend into the ternary system with constant Y content, i.e. they have partial or
complete solubility of other components with preferential substitution for one of the binary elements. In the present
work, they are treated as the formula (Fe,Ni)mYn or MmYn by a two-lattice model [Hillert M., Staffansson L. I., 1970,
Sundman B., Agren J., 1981] with Fe and Ni or M on the first sublattice and Y on the second one, where M is used
as an abbreviation for a mixture of Fe and Ni. The Gibbs energy per mole of formula unit MmYn is expressed as
following:
M Y Fe Y Ni Y
m Fe Fe:Y Ni Ni:Y Fe Fe Ni Ni
M Y M Ymg
Fe Ni Fe,Ni:Y Fe Ni m
( ln ln )
( )
m n m n m n
m n m nj j
j
G y G y G mRT y y y y
y y L y y G
   
   (6)
where yFe and yNi are the site fractions of Fe and Ni on the M sublattice, respectively; the two parameters denoted
Fe Y
Fe:Y
m nG and Ni YNi:Ym nG represent the Gibbs energies of the compound MmYn when the M sublattice is occupied by
only one element Fe or Ni (yFe =1 or yNi=1), respectively, which are relative to the enthalpies of pure hcp Fe and fcc
Ni in their SER state, respectively; the M YFe,Ni:Y
m njL represents the jth interaction parameter between elements Fe and Ni
on the M sublattice. M Ymg m
m nG is the magnetic contribution to the Gibbs energy.
4. Assessment procedure
To obtain a thermodynamic description of a multi-component system, the thermodynamic description of each
lower-order system is necessary. A careful examination of existing thermodynamic descriptions of the binary Fe 9Ni
(Dinsdale A. T., 1991), Fe 9Y(Du Z. M., et al, 1997), and Ni9Y (Du Z. M., Zhang W. J., 1996) systems were made.
The Fe 9Y system was re-optimized in order to coincide exactly with the ternary phase equilibria in the Fe9Ni9Y
system.
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The thermodynamic model parameters for the ternary Fe9Ni9Y system were optimized on the basis of the
experimental information available in the literature (Kharchenko O. I., Bodak O. I., 1977; Shen et al., 1995). A
general rule for selection of the adjustable parameters is that only those coefficients that are determined by the
experimental values should be adjusted. If there are insufficient experimental data to adjust the particular parameter,
a reasonable estimate should be given or its value should be constrained to the others. The optimization was carried
out by means of the optimization module PARRAT of the thermodynamic software Thermo9Calc (Sundman B.,et
al., 1985), which can handle various kinds of experimental data. The program works by minimizing an error sum
where each of the selected values is given a certain weight. The weight is chosen by personal judgment and changed
by trial and error during the work until most of the selected experimental information is reproduced within the
expected uncertainty limit.
5. Results of calculations
All thermodynamic calculations were performed using the POLY-3 program of the Thermo9Calc software
(Sundman B.,et al., 1985). The Fig. 1 is the Fe9Y phase diagram calculated using the present thermodynamic
parameters in comparison with the experimental data(Domagala R. D., et al., 1961). Fig. 2 shows the calculated
isothermal section of the Fe9Ni9Y system at 873 K with the experimental data observed by Kharchenko et al.
(Kharchenko O. I., Bodak O. I., 1977). Fig. 3 and Fig. 4 present isothermal sections of the Fe9Ni9Y system
calculated at 1223 and 1273 K with the experimental data observed by Shen et al. (Shen et al., 1995), respectively.
Satisfactory agreements are obtained between the calculations and experiments.
Fig. 1 Calculated The Fe-Y phase diagram using the
present parameters in comparison with experimental data
(Kharchenko O. I., Bodak O. I., 1977)
Fig. 2 Calculated isothermal section of the Fe9Ni9Y system at
873 K in comparison with experimental data (Shen et al., 1995)
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6. Conclusions
Thermodynamic properties of the ternary Fe9Ni9Y system have been analyzed by means of the CALPHAD
technique. The liquid phase as well the terminal solution phases bcc, fcc, and hcp were described by a substitutional
solution model and Muggianu interpolation of binary excess Gibbs energy. The intermetallic compounds were
treated as the line compounds (Fe,Ni)mYn by a two-sublattice model. The thermodynamic description of the Fe
9Ni9Y system was critically evaluated from the experimental information available in the literatures.
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